Introduction
The great importance of Schiff base compounds is due to their wide range of industrial applications and biological activities. They possess pharmacological activities such as antimicrobial, antifungal, anticancer, antiviral, anti-inflammatory, antiparasitic, antioxidant and more in industrial and auricular chemistry [1] [2] [3] [4] . They also act as a basis for the synthesis of numerous organic compounds [5] . Schiff base compounds have an azomethine group (-CH=N-) which is made by the condensation of a carbonyl compound with a primary amine. It seems that this group is accountable for the biological activities demonstrated by a variety of Schiff bases [6] . Usually, Schiff bases synthesized from aromatic amines and aromatic aldehydes are stable and have an effective conjugation arrangement. Their biological activities can vary, depending upon the types of substituents attached to the aromatic rings [7] . The UV-vis spectra of 2-hydroxy Schiff bases have been studied in various nonpolar and polar solvents [8, 9] . The band appearing at >400 nm is observed in various solvents including acidified solvents, and is responsible for the keto-amine form of the Schiff base [10] . In this study we report the synthesis and crystal structure of CH 2 {cyclo-C 6 H 10 -NH=CH-(2-Onaphth)} 2 .H 2 O (1) and the synthesis of compounds 2 and 3, Scheme 1. We also describe the keto-amine, enol-imine, EE and ZZ forms of these novel compounds based on NMR, IR, UVvis spectra and X-ray data. Interestingly, we aim here to demonstrate their potential antioxidant activities based on the position of the hydroxyl group in the Schiff base as shown in Scheme 1. 
Results and discussion
Schiff base compounds 1, 2 and 3 were synthesized by a one-pot condensation reaction in dry ethanol, without the use of an acid as a catalyst, in good yields using a slightly modified, previously reported procedure [8, 9] . 4,4'-Methylenedicyclohexanamine was mixed with the aldehyde in 1:2 ratio in ethanol at room temperature, and the mixture was refluxed for two hours. The solvent was reduced to 1/3 and the product was allowed to form at room temperature. The products were re-crystallized from hot ethanol at room temperature. All 1, 2 and 3 are solid and melt at 178, 210 and 183 °C respectively. The characteristic feature of the IR absorption bands of the free Schiff bases with the wave numbers 1639-1620 cm -1 corresponds to the C=N stretching vibration [10, 13] . The delocalization in the п-electron pseudoaromatic six-membered ring (Fig 1) , and the intramolecular hydrogen bonding may Numbering corresponds to that in the X-ray structure.
have an effect on the keto-amine position [14] . Other expected vibration bands with the wave numbers in the 3440-3230 cm -1 region for v (OH, NH, H 2 O, Ar-OH) for 1 and 2, and ν(OH, Ar-OH) for 3 were not observed due to the intramolecular H-bonding. Bands in the region of 3075-2920 cm -1 v (CH, H-Ar) were apparently observed for 1-3. A small broad band for the second OH in compound 2 is clearer when compared to those for 1 and 3 due probably to the lack of involvement of the m-OH in the intramolecular H-bonding. The existence of intramolecular hydrogen bonding in 1 between the amine C=C-NH and the C=O (the ketoamine form) is further confirmed by the X-ray structure Fig. 2 . The presence of C=O ( 13 C NMR ca. 177 ppm) in 1 and C=N ( 13 C NMR ca. 160 ppm) in 2 and 3 with possible intramolecular hydrogen bonding has been confirmed by FTIR. The UV-vis (maxima < 400 nm) and 13 C NMR spectra (no C=O band) confirm the enol-form only for 3. The 1 H NMR spectrum for 3 shows one peak for OH downfield (9.31 ppm) indicating the presence of EE or ZZ form, Scheme 1. Probably, the EE form is more favored [12] due likely to steric
hindrance. An interesting variation of 13 C NMR resonances for the carbons involved in the pseudoaromatic six-membered ring in Scheme 2 is presented in In contrast to 1 and 2, compound 3 shows one geometric isomer (either EE or ZZ).
The potential energy barrier between the keto and enol form varies with the solvent polarity [4] . Hence, it is expected that the keto form is more dominant than the enol form in a polar solvent. Therefore, UV-vis spectra of the compounds were measured within 200-600 nm range in DMSO, ethanol, chloroform and benzene solvents. In this study, the UV-Vis spectra of 1, 2 and 3 show mainly two maxima for the tautomeric forms of the 2-hydroxy Schiff base.
A maximum appearing at more than 400 nm suggests that a keto form is present, while a maximum at less than 400 nm indicates that the enol form is present [18] . The characteristic UV-vis absorption bands of the compounds in DMSO, methanol, chloroform, THF and benzene are given in Table 2 . There are three bands in the experimental spectra for 1 except for acidic and basic media, where there are two bands. Although 2 shows broad bands >400 nm in CHCl 3 and MeOH indicating the presence of the keto-amine form, a peak for C=O around 180 ppm in 13 Compounds 1, 2 and 3 were obtained in good yields following a published procedure [11, 12] .
The 4,4'-methylenedicyclohexanamine was mixed with the aldehyde in 1:2 ratio in ethanol (50 mL) at room temperature, and the mixture was refluxed for two hours. The solvent was reduced to 1/3 and the mixture was allowed to cool down to room temperature. The solid products were collected, dried under vacuum and characterized (Tables 1 and 3 
Structural commentary
Crystals of compound 1 were analysed by X-ray diffraction methods and have the structure shown in Fig. 2 (2) hydrogen bond and planar six-membered ring with C(1,2,11), similar short C(11) = N (11) and longer C(2) -O(2) bond lengths, and a similar Zwitter-ion system. Table 5 , to form a hydrogen-bonded dimer. O(2) does not appear to have any close intermolecular contacts. Other short intermolecular contacts are at van der Waals' distances. Fig. 3 shows the dimer unit and neighboring molecules. 
Antioxidant investigation
The antioxidant activities of 1, 2 and 3 were investigated through their direct scavenging ability to remove free radicals using 1,1-diphenyl-2-picrylhydrazine (DPPH) and 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) methods [1, 19] and also through their indirect antioxidant activity as measured using the ferric thiocyanate (FTC) method [1, 20] . The direct ability of the synthesized compounds to neutralize free radicals (DPPH .
and ABTS
. + ) was monitored spectrophotometrically at 517 nm and 734 nm, respectively.
Results shown in Table 6 indicate that 2 has the highest antioxidant activity as measured by each of the three methods. On the other hand, the results of antioxidant activity as measured by ABTS method were increased from 73.00 to 89.80 % in the order 2 ˃ 3 ˃ 1, respectively. These findings could be attributed to the presence of hydroxyl groups attached to aromatic rings which might be responsible for the antioxidant activity of these Schiff bases. It is thus shown that 2, containing two hydroxyl groups attached to each aromatic ring, has the highest antioxidant activities as measured by three methods (Table 6 ). It appears probable that this arrangement increases the conjugated systems and as a result increases the antioxidant activity of this compound. These results were in agreement with findings obtained by other researchers for compounds with di-hydroxy-phenyl groups [1, 20] . The mechanism which occurs here could be similar to that which occurs in hydroxy chalcones and hydroxy flavonoid derivatives [21] .
The indirect antioxidant activities of the synthesized compounds were measured using the the highest ability to prevent the formation of HO . free radical, which is considered to be the most destructive free radical in biological systems.
The results in Table 7 show that the percentage inhibition of tyrosinase activities by our Schiff bases (1, 2, and 3) were very low (21.72-32.33 %). Therefore, it is likely that none of these compounds can be used in cosmetics for whitening and depigmentation after sunburn. Table 7 . The effect of the synthesized compounds on tyrosinase and cholinesterase activity
On the other hand, the extent of inhibition of cholinesterase activity ranged from low to very high (35.75 to 79.05 %). Thus, the compound containing two hydroxyl groups attached to aromatic ring (2) can be considered as promising in the treatment of Alzheimer's disease (AD).
Biological activities

Enzyme inhibition:
a) The inhibition of acetylcholinesterase (AChE)
Inhibition of AChE was assessed by a slightly modified colorimetric method of Ellman et al. [22] . 2 mL PBS (Na 2 HPO 3 , 50 mM, pH = 7.7) and 0.1 mL of the Schiff base sample dissolved in DMSO (1mg/mL) were mixed in a test-tube. 0.3 mL of enzyme solution (0.005 U/mL) were added, and the mixture was incubated at 37 °C for 10 min. Then, 0.3 mL of acetylthiocholine iodide (0.5 mM, substrate) and 0.3 mL of DTNB (0.5 mM) were added. Tyrosinase activity assay was performed as previously described with modification [23] . The tyrosinase activity was measured using L-DOPA as a substrate. Samples dissolved in DMSO (1mg / mL), and L-DOPA (2 mM) in 50 mM Na 2 HPO 4 -NaH 2 PO 4 buffer (pH 6.8) were incubated at 30 °C. Then, 2.8 mL L-DOPA was mixed with 0.1 mL sample. After 1 min, 0.1 mL of the aqueous solution of tyrosinase was added to the mixture and the absorbance was immediately monitored at 475 nm for 7 min. All measurements were performed in triplicate.
The inhibitory rate was calculated according to the formula:
Inhibitory rate (%) = (Ac -At)/100.Ac, where Ac is the absorbance of control (without samples) and At is the absorbance in the presence of the samples [23] .
Measurement of antioxidant activities a) DPPH method
The assay was conducted following a previously described procedure with slight modification [24] . 2.0 mL of 0.3 mM DPPH solution was mixed with 0.1 mL of Schiff base dissolved in DMSO (1mg / mL). The mixture was then shaken vigorously and left for 30 min.
in the dark. The absorbance was measured at 517 nm against a blank. Trolox was used as a positive control. These measurements were run in triplicate. The percentage of the scavenging activity is calculated:
Scavenging activity (%) = (Ac -As) /100.Ac, where Ac is the absorbance of DPPH without the test sample and As is the absorbance of DPPH in the presence of the test sample (or positive control).
b) ABTS method
This method was carried out as described by Arnao et al. [19] , with slight modifications. A [26] , SHELXS97 [27] , SHELXL [28] , ORTEP [29] and WinGX [30] .
Conclusion
Antioxidant activities of the three Schiff bases were measured and it was concluded that the activities of these Schiff bases can be improved by introducing OH groups in their core structure. The results of antioxidant activity as measured by ABTS method were increased from 73.00 to 89.80 % in the order 2 ˃ 3 ˃ 1. Compound 2 has the highest antioxidant activity probably because it has two hydroxyl groups. From the title structure which reveals the keto-amine (N-H … O) tautomer and other characterization methods of the compounds, we conclude that salicylaldimines favor the enol form and naphthaldimines prefer the keto form.
Acidic medium has a positive effect on the salicylaldimine and naphthaldimine forms which makes them favor the keto form, whereas basic medium did not have the same strong effect.
The tautomeric equilibria of the Schiff bases have also been studied in polar and non-polar solvents by using mainly UV-vis and NMR data. 
